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Zde je prostor pro vložení obrázku 
nebo obrázků v šedé barvě. 



Spatial Analysis

• answer questions, support decisions, and 
reveal patterns

• all of the transformations, manipulations, 
and methods 
• Data ----> Information ---> Understanding
• "a set of methods whose results change 
when the locations of the objects being 
analyzed change"



Which is Spatial Analysis?

• calculating the average income for a group 
of people?

• calculating the center of the Czech 
Republic population?



Types of Spatial Analysis
• Queries and reasoning
• Measurements

– Aspects of geographic data, length, area, etc.
• Transformations

– New data, raster to vector, geometric rules
• Descriptive summaries

– Essence of data in 1 or 2 parameters
• Optimization - ideal locations, routes
• Hypothesis testing - sample to entire pop.



GIS Analysis Model (flowchart)
Residential areas in flood zone

BUT
need spatial analysis to pinpoint locations



GIS Lanslide Susceptibility Model in 
ArcGIS Model Builder



2 Analysis Examples from ArcGIS
• Interpolation - soil samples on a farm 

[transformation]

• Location Analysis - coffee shops &     customers 
[optimization]



• Interpolation - soil samples on a farm

• Location Analysis - coffee shops & customers

"a set of methods whose results change 
when the locations of the objects being 
analyzed change"



Soil Samples of Farm Area w/ Interpolation



Interpolate samples, then query to find pH > 7
Farmer needs to treat these areas w/ammonium sulfate

GIS Analysis Model



Choose Interpolation Parameters



IDW Interpolation



Instead of hillshade, use raster calculator

[pH surface] > 7

pH surface



Result: areas that farmer should treat w/ammonium 
sulfate to lower the pH to 7 so that soil is balanced



The Farm
• Size = ~5.35 acres (233,046 sq ft. or 21,650 sq 

m) 
• Combined size of new treatment areas = 

~0.145 acres (6,338 sq ft or 588 sq m)
• Ammonium sulfate @ $50.00 per acre

– Treat whole field - $267.50
– Treat only where needed - $7.25

• Crop yield and treatment maps over time



• Interpolation - soil samples on a farm

• Location Analysis - coffee shops & customers

"a set of methods whose results change 
when the locations of the objects being 
analyzed change"



Best location for new Beanery w/ location 
analysis ( distance & proxmity )



Marketing
questions

• Too close to existing shops? 
• Similar characteristics to existing locations? 
• Where are the competitors? 
• Where are the customers? 
• Where are the customers that are spending the most 

money?



Shops w/in 1 mile will compete for customers
Potential shops > 1 mile away

GIS Analysis Model



Straight line distance function

Předvádějící
Poznámky prezentace
By calculating the Straight Line (Euclidean) Distance, you can calculate how far each cell is from the nearest source. The source can be anything you choose, from a well to a road to a group of retail stores, and can be in any supported raster or vector
format.
How to calculate Euclidean distance in ArcGIS 9.1, Spatial Analyst:
1 Click the Spatial Analyst dropdown arrow, point to Distance, and click Straight Line.
2 Click the Distance to dropdown arrow and click the layer to find the distance to.
3 Optionally, specify a maximum distance. Cells outside this distance will not be considered in the calculation and will be given the value of NoData.
4 Leaving the value of the Maximum distance parameter blank will not put a limit on how far distances will be measured.
5 Specify an output cell size for the results.
6 Optionally, click Create direction to create a raster displaying the straight-line direction to the closest source.
7 Optionally, click Create allocation to create a raster where every cell is assigned the value of the closest source.
8 Type a name for the results, or leave the default to create a temporary result in your working directory.
9 Click OK.




Result: yellow/orange = close to shops
purple/blue = farther away



Density Function, Customer Spending

Spending

Předvádějící
Poznámky prezentace
Density analysis takes known quantities of some phenomena and spreads it across the landscape based on the quantity that is measured at each location and the spatial relationship of the locations of the measured quantities.Why map density? Density surfaces are good for showing where point or line features are concentrated. For example, you might have a point value for each town representing the total number of people in the town, but you want to learn more about the spread of population over the region. Since all the people in each town do not live at the population point, by calculating density you can create a surface showing the predicted distribution of the population throughout the landscape. 

A density function in GIS calculates a magnitude per unit area from point features that fall within a neighborhood around each cell.
Conceptually, a neighborhood is defined around each raster cell center, and the number of points that fall within the neighborhood is totaled and divided by the area of the neighborhood.If a population field setting other than NONE is used, the item's value determines the number of times to count the point. For example, an item with a value of 3 would cause the point to be counted as three points. The values can be integer or floating point. If an area unit is selected, the calculated density for the cell is multiplied by the appropriate factor before it is written to the output raster. For example, if the input ground units are meters, comparing a unit scale factor of meters to kilometers will result in the values being different by a multiplier of 1,000,000 (1000 x 1000).Possible uses include finding density of houses, wildlife observations, or crime reports. The population field can be used to weigh some points more heavily than others, depending on their meaning, or to allow one point to represent several observations. For example, one address might represent a condominium with 6 units, or some crimes might be weighed more severely than others in determining overall crime levels.Increasing the radius will not greatly change the calculated density values. Although more points will fall inside the larger neighborhood, this number will be divided by a larger area when calculating density. The main effect of a larger radius is that density is calculated considering a larger number of points, which can be farther from the raster cell. This results in a more generalized output raster.

How to calculate density in ArcGIS 9.1with Spatial Analyst:
1 Click the Spatial Analyst dropdown arrow and click Density.
2 Click the Input data dropdown arrow and click the input layer.
3 Click the Population field dropdown arrow and click the field you want to use.
4 Click either Kernel or Simple Density type.
5 In the Search radius text box, type a value to determine the distance to search for points or lines from each cell in the output raster.
6 Click the Area units dropdown arrow and choose the units in which the density values should be presented.
7 Specify an output cell size.
8 Type a name for the result, or leave the default to create a temporary result.
9 Click OK.
More info at http://webhelp.esri.com/arcgisdesktop/9.1/



Result: Dark blues are greatest 
density of customer spending



Find areas 1 mile from an existing shop that are 
also in a high spending density customer area

([Distance to Shops] > 5280) & 
([Spending density] > .02)

Spending density



Result: Best locations for a new Beanery
w/ proximity to an interstate highway, zoning concerns, income levels, population density, age, etc.



GIS Analysis Model



Uncertainty in the Conception, Measurement, and 
Representation of Geographic Phenomena

• Previous examples assumed it didn’t exist
• Conception of Geographic Phenomena
• Spatial Uncertainty - objects do NOT have a 

discrete, well-defined extent
– Wetlands or soil boundary?
– Oil spill? pollutants or damage?
– Attributes - human interp. may differ



Uncertainty in Conception

• Vagueness - criteria to define an object not 
clear
– What constitutes a wetland?
– An oak woodland means how many oaks?
– Seafloor ages/habitats
– What does a grade of “A” really mean??



Uncertainty in Conception

Ambiguity - y used for x 
when x is missing
Direct indicators:  salinity (x) 

or species (y)
Indirect more ambiguous
Wetlands (y) of species 

diversity (x)??

Figure courtesy of Jay Austin, Ctr. For Coastal Physical Oceanography, Old Dominion U.



Uncertainty in Conception

• Regionalization problems 
• What combination of 

characteristics defines a 
zone?

• Weighting for 
composites?

• Size threshold for zone?
• Fuzzy vs. sharp



Uncertainty in Measurement 

• Physical measurement error
• Mt. Everest is 8,850 +/- 5 m
• Dynamic earth makes stable measurements 

difficult
– Seismic motion
– Wobbling of Earth’s axis
– Wind and waves at sea!



Uncertainty in Measurement

• Digitizing error, e.g.,
• Undershoots
• Overshoots
• “Gafs”



Uncertainty in Measurement

• Misalignment of data 
digitized from 
different maps

• Rubbersheeting is a 
corrective technique



Uncertainty in Measurement
• Different lineages of data 
• Sample vs. population



Uncertainty in Representation
Raster Data Structure

mixels Classification based on 
dominance, centrality?



Uncertainty in Representation
Vector Data Structure

Points in corners
of polys

Zones based on only 
a few points



(A)Before it closed down, 
the footwear factory 
drew its labor from its 
local neighborhood and 
a jurisdiction to the west

Uncertainty in Analysis: The Ecological Fallacy

(B) The closure 
caused high 
unemployment, but not 
among the service 
sector workers of 
Chinatown

(C) a spurious  
relationship 
between Chinese 
ethnicity and 
unemployment



Uncertainty in 
Analysis

Ecological Fallacy

an overall characteristic of 
a zone is also a 

characteristic of any 
location or individual 

within the zone

Factory w/no Chinese employees may
have closed



Path of boundary changes where high pop. is

Modifiable Areal Unit Problem (MAUP)
• number, sizes, and shapes of zones affect the results of 

analysis
• Many ways to combine small zones into big ones
• No objective criteria for choosing one over another



Uncertainty of 
Geographic Phenomena

• Conception - spatial, vagueness, ambiguity, 
regionalization

• Measurement - field, digitizing, lineage
• Representation - raster, vector
• Analysis - ecological fallacy, MAUP



Thank you for your attention
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